The magnetic interactions in La 0.70 Ca 0.30 Mn 1−x Cr x O 3 (x=0.15, 0.50 and 0.70) are investigated by x-ray absorption spectroscopy (XAS), x-ray magnetic circular dichroism (XMCD), highresolution x-ray powder diffraction, and bulk magnetization measurements. XAS in the Mn and Cr 
I. INTRODUCTION
Transition metal oxides exhibit a wide variety of physical phenomena, such as metalinsulator transitions, high-T c superconductivity, charge and orbital orderings, high-spin/lowspin states, phase separation, and colossal magnetoresistance (CMR).
1 In particular, the magnetic and transport properties of mixed-valence manganites La 1−x Ca x MnO 3 are determined by a competition of ferromagnetic double exchange (DE) interaction involving a
hopping of e g electrons between Mn ions 2 and tendencies towards insulating ground states with charge and/or orbital ordering of this electron, in which strongly directional superexchange (SE) interactions determine the magnetic ground state. This fine balance can be disturbed by substitutions in the Mn site, such as demonstrated by the CMR effect induced by Cr-, Co-, and Ni-substitution in Pr 0.5 Ca 0.5 MnO 3 (ref.
3 ). Despite the significant amount of work performed in manganites with transition-metal substitution, the origin of observed properties for these compounds are not fully understood in many cases due to the additional complexity brought by atomic disorder in the transition metal site.
Cr 3+ has an isoelectronic structure with respect to Mn 4+ (3d 3 , s=3/2) and similar ionic radius of Mn 3+ (Cr 3+ : 0.615Å, Mn 3+ : 0.645Å). 4 Therefore, substitution of Cr in the Mn site is ideal to study additional DE and/or SE interactions in manganese oxides without changing structural properties dramatically. The influence of Cr-substitution on the magnetic and transport properties of manganese oxides has been studied in a wide range of Cr-substitution levels. Many studies focused on LaMnO 3 , which is A-type antiferromagnetic (AFM) at low temperatures, resulting from orbital ordering and correspondingly anisotropic Mn 3+ /Mn 3+ SE interaction. 1,2,5 A small ferromagnetic (FM) component is then induced by substitution of Cr 3+ and the role of Cr 3+ ions in weak ferromagnetism has been investigated. 
III. RESULTS AND ANALYSIS
A. Bulk magnetization Figure 1 shows the field dependence of dc-magnetization M(H) for (0≤x≤1.0). 0.029µ B /formula unit, as seen in the hysteresis loop in the inset of Fig. 1 . These results are in good agreement with previous reports.
14,17
The temperature dependence of the magnetization M(T) in H=0.4 T is shown in Fig.   2 (a) for all studied samples. The inverse magnetic susceptibility 1/χ(T) is shown in Fig C. X-ray absorption spectroscopy Figure 5 (b) shows the XAS spectra at the Cr L 2,3 edges for the studied samples at 50 K, probing electronic transitions from the Cr 2p core levels to Cr 3d states above the Fermi level. Similar XAS spectra were observed at the Cr L 2,3 edges for all studied compounds with four prominent XAS peaks at 576.7, 577.5, 585.6, and 587.5 eV and shoulders at ∼ 576 and ∼ 580 eV. These observations agree with published data for Cr 3+ in CrO 6 octahedral environment. 24, 25 Considering the L 2,3 edge XAS spectra of Cr in other valence states are radically different to the spectra shown in Figure 5 (b), 26 we conclude that the valence state of Cr is 3+ for all studied samples. The spectrum for x=0.70 shows three sharp peaks in the L 3 edge at 640, 641, and 644 eV and a broad structureless peak in the L 2 edge centered at 654 eV. Except for the first small peak at 640 eV, this spectrum is similar to those reported 27, 28 for CaMnO 3 and La 0.1 Sr 0.9 MnO 3 , 
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The remaining mixing with the Cr antiparallel e g levels presumably contributes to spectral weight at energies above the A ′ peak. This assignment by Toulemonde et al. Due to the similar spectral shapes of the XMCD signal at the Cr L 2,3 edges for x=0.15
and 0.50, the intensity of the Cr XMCD signal for these samples may be directly compared.
The amplitude of the XMCD signal for x=0.50 at T =10 K, defined as the difference between the absolute maximum and minimum of an XMCD spectrum at the L 2,3 edges, is only ∼ 23% of that observed for x=0.15 at the same temperature (see Figs. 6(a) and 6(b)), indicating a correspondingly smaller Cr net moment for x=0.50 at low temperatures. This comparison is, however, less straightforward for the Mn edges due to different spectral shapes in the L 3 edge. Still, the XMCD shape at the Mn L 2 edge is comparable for x=0.15 and 0.50 and the XMCD amplitude at this edge for x=0.50 is ∼ 63% of that observed for x=0.15.
In Figures 9(a,b) , the normalized temperature dependencies of the amplitude of the XMCD for the Cr and Mn A possible reason for the discrepancy is that XMCD (and XAS) data taken in the total electron yield mode probes the near-surface layers of the sample within a few nanometers, while dc-magnetization shows a bulk property. Nevertheless, the transition temperatures appear to be consistent for both types of measurement in the same magnetic field.
IV. DISCUSSION
The potential complexity of the magnetic interactions in this system is reduced by the absence of charge and orbital ordering of Mn e g electrons suggested by our x-ray diffraction data. The absence of charge and orbital ordering in this system is most likely caused by the pinned charge disorder introduced by the random Cr substitution, randomizing Coulomb interactions amongst carriers and locally removing the e g orbital degeneracy.
The simplest compound in this investigation is La We proceed with a discussion of the magnetic behavior of the x=0. (see Fig. 1 and Table I ). On the other hand, this scenario is inconsistent with the random Cr 3+ spin orientation suggested by Capogna et al. 17 based on an analysis of neutron powder diffraction data. 
